Computer code for calculation of the L factors
The code requires that both R and OpenBUGS be installed, both are free to download.
R can be obtained at http://www.R-project.org/
1. Click on “download R” this will appear:
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€ €| @ Secure | nttpsy/crans-projectorg/mirr

CRAN Mirrors

The Comprehensive R Archive Network is available at the following URLs, please choose a location close to you. Some statistics on the status of the mirrors can be found here: mamn page, windows release,
windows old release

If you want to host a new mirror at your institution, please have a look at the CRAN Mirror HOWTO
0-Cloud
hutps://cloud c-project org. Automatic redirection to servers worldwide, currently sponsored by Rstudio
http. cloud s-project org Automatic redirection to servers worldwide, currently sponsored by Rstudio
Algeria
hitps cran usthb dz University of Science and Technology Houari Bovmediene
batp:/cxanusthb.dz! University of Science and Technology Houari Boumediene
Argentina
hup  muror feaglp unlp edu ar CRAN/ Universidad Nacional de La Plata
Australia
https//cran csiro au’ CSIRO
butp-/coan csiro au’ CSIRO
bntps. murorsamet edu.su pub CRAN. AARNET
https. cran ms unimelb edu au’ School of Mathematics and Statistics, University of Melbourne

Curtin University of Technology

Winschaftsuniversitat Wien
Wirtschaftsuniversitst Wien

KU Leuven Association
Ghent University Library
Ghent University Library

Center for Comp. Biol at Universidade Estadual de Santa Cruz
Universidade Federal do Parana
Uy idade Federal do Parana =

2. Scroll down to USA and pick one of the sites:
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The Comprehensive R Archive Network

[pewnload and Install

[Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of
fthese versions of

CRAN Dovnload R for Linux
Mirrers « Download R for (Mac) 0 X
Lt e o Dovmload R for Windorrs
Task Views
Seasch IR is part of many Lisux distributions, you should check with your Linux package mnagement system in addition to the link
e
f [Scurce Code far a1l Platforms
The R Joussal Windows and Mac users most likely want to dovnload the precompiled binaries listed in the upper box, not the source code. The
Sofbeare kources have to be compilsd before you can use them. If you do not know what this means, you probably do not want to da it!
R—&:mil o The latest release (Thursday 2017-09-28, Short Summer) R-34 2 tar gz, read what's new in the latest version
Packages « Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release)
+ Daily snapshots nd development labi hers. Please read about ne d bug
Dacumantation fixes before filing corresponding feature requests or bug reports.
EAQs + Source code of older versions of R is available hers.

+ Contributed extension packsges

luestions About R

* If you have questions about R like how to download and install the software, or what the license terms are, please read our
snsvers 1o frequently asked questions before you send an email

What are R and CRAN?

BleliOlelamlml e

3. Download the R version appropriate for your system.


http://www.r-project.org/

¢ C O isstatwnghtedy

R for Windows

Subdirectories
base Binaries for base distribution. This is what you want 10 s
Binaries of contributed CRAN packages (for R >= 2,13 x; managed by Uwe Ligges). There is also information on third
AN sootiih ‘pacty softwace available for CRAN Windows services and corresponding environment and make variables.
Mistors old contiib Binaries of contributed CRAN packages for outdated versions of R (for R <2.13.x; managed by Uwe Ligges)
Whats new? Recols Tools to build R and R packages. This is what you want to build your own packages on Windows, or 1o build R itself
View:
Sesch Please do not submit binasies to CRAN. Package developers might want to contact Uwe Ligges directly in case of questions / suggestions related to Windows binaries.
Abour R You may also want to read the R FAQ and R for Windows FAQ
The R Joumal Note: CRAN does some checks on these binaries for viruses, but cannot give guarantees. Use the normal precautions with downloaded executables.
Software
R Bunanies
Packages
Osher
Documentation
M
EAQs
Contnibuted

Blels/olefae]a] B e 0D
4. Click “install R for the first time and follow instructions.

OpenBUGS can be obtained at http://www.openbugs.net/w/Downloads

1.
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C | ® vvwopenbugs.net/w/Downioad
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welcome: please sign in

Home Page "
Overview OpenBUGS license
Downloads
Getting Started Please click here, License, before downloading OpenBUGS software
Oscumentation
Oevelopers
BugTracker
o Release (3.2.3) of OpenBUGS is now available. Changes to the version 3.2.2 are documented in changes. Release (3.2.3) of OpenBUGS has been tested and
Nk g, compared to the WinBUGS 1.4.3 program (Test Results). The only difference with WInBUGS 1.4.3 was with the ‘Shared’ GeoBUGS example. The computational speed
Bl of OpenBUGS Is comparable to WinBUGS ( # timing comparisons). To report problems, please register and use the BugTracker page.

Site Navigation
How to Use This Site
At Cashenis © User contributed code, induding BRugs/R20penBUGS, is located at User Contributed Code,

Microsoft Windows Download

Page Locked A setup program for OpenBUGS on Windows computers can be downloaded here: & OpenBUGS323setup.exe.
Pooe Fisioey The Windows program was tested on machines with the XP and Windows 8 operating systems, and produced the same resuits.
upload & manage fies

[ more options ]

The Windows version of OpenBUGS has been successfully instalied on Mac OS X (Intel) using WINE. The Windows installer currently produces an error message at
shutdown, but appears to install the program successfully. Testing under WINE has been VERY limited 50 far.

The MAC inary verson of R20penBUGS on CRAN (3.214) is out of date and will ot work with OPenBUGS 3.2.2. For now, Mac users should use
install packages('R20penBUGS' type="source’) to install the latest (3.2-2.1) version of R20penBU

N h

2. Click on the download for your system
3. Runtheinstaller.


http://www.openbugs.net/w/Downloads

To run the program:

1. Startthe R program, get this:

::::

xxxxxxxx

2. The only input to the program that is needed are the values N and I, and the sample size n. In
the program below x = Nin rad/s, and y = " in uNm.

For example, SRM 2497 with spiral concrete paste data:

SR (1/s) | Viscosity
(Pa.s)
10.5105 | 0.052329
7.5642 0.054203
5.4411 0.056974
3.91545 | 0.061296
2.8182 0.067419
2.0223 0.074173
1.4595 0.08222
1.05105 | 0.095143
0.756 0.10582
0.5439 0.1287
0.39165 | 0.153198
0.2814 0.177683
0.20265 | 0.197385
0.14595 | 0.274066
0.105 0.380952
0.0756 0.396825
0.0546 0.549451
0.03885 | 0.772201




0.02835 | 1.058201

0.01995 | 1.503759

0.0147 2.040816

0.010395 | 2.886003

3. Paste the entire program below into a notepad window:
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library(R20penBUGS)

HHHRE IR type data X (in rad/s), Y (in uNm) , n here:

linedata<-
list(y=c(0.0523,0.0542,0.0570,0.0613,0.0674,0.0742,0.0822,0.0951,0.1058,0.1287,0.1532,
0.1777,0.1974,0.2741,0.3810,0.3968,0.5495,0.7722,1.0582,1.5038,2.0408,2.8860

),

x=c(10.5105,7.5642,5.4411,3.9155,2.8182,2.0223,1.4595,1.0511,0.7560,0.5439,0.3917,
0.2814,0.2027,0.1460,0.1050,0.0756,0.0546,0.0389,0.0284,0.0200,0.0147,0.0104), n=22)

HAAHB R

###HSRM 2497 curve for comparison to see the fit

visc97<-
c(88.1,89.5,90.1,92.1,93.7,95.8,98.6,99.9,101.6,103.5,104.1,104.7,105.3,106.0,106.8,107.7,
108.7,109.8,111.1,112.7,114.4,116.6,119.2,122.1,122.8,127.5,134.5,146.3,171.5,182.1,191.4,
203.5,219.8,230.3,243.1,279.1,342.8,397.5,487.1,662.4,833.8,1168.9,1415.3,1589.3

)

sr97<-
¢(250.0,125.0,100.0,55.0,37.5,25.0,16.3,13.8,11.3,9.1,8.7,8.2,7.7,7.2,6.8,6.3,5.8,5.3,4.8,4.3,3.9,
3.4,2.9,2.5,2.4,1.9,1.5,1.0,0.50,0.43,0.38,0.33,0.28,0.25,0.23,0.18,0.13,0.10,0.08,0.05,0.04,0.03,
0.02,0.02)

#HitH#H

##### OpenBUGS code and inits

lineinits<-function(){list(sig=1)}

linemodel <- function() {sig~dgamma(1.0E-5,1.0E-5)
Lg~dunif(0.5,10)

Lm~dunif(0,4)

Lmu<-1/Lm

Ltau<-Lg/Lm

a<--4



4.
5.

a2n<-8.89

a2sig<-1/(0.18*0.18)

b2n<-0.53

b2sig<-1/(0.06*0.06)

c2n<-5.94

c2sig<-1/(0.24*0.24)

aln<-8.62

alsig<-1/(1.18*1.18)

bin<-0.94

b1sig<-1/(0.05*0.05)

cln<-7.49

c1sig<-1/(0.35*0.35)

a2~dnorm(a2n,a2sig)

b2 ~dnorm(b2n,b2sig)

c2 ~dnorm(c2n,c2sig)

al ~dnorm(aln,alsig)

b1 ~dnorm(b1n,blsig)

c1 ~dnorm(cin,clsig)
for (iin 1:n){ srd[i]<-x[i]*Lg

numfi]<-a*srd[i]
topli]<-a*(srd[i]-1)

muli]<-Lm*(c2*exp(a)+c1*exp(numli])+al*exp(numli])/pow(srd[i],b1)+a2*exp(a)/
pow(srd]i],b2))/(exp(a)+exp(numli]))

yli]~dnorm(mufli],sig)

M

Hup I run the OpenBUGS
lineout<-bugs(data=linedata,inits=lineinits,parameters=c("Lg","Lmu","Ltau"),
model.file=linemodel,n.chains=1,n.iter=100000,n.burnin=50000,n.thin=10)
##tttt#torint the values of the L factors

print(lineout, digits=7)

HitaHt I compute the calibrated curve

Lg<-lineoutSmean("Lg"]

Lmu<-lineoutSmean["Lmu"]

viscnew<-linedataSy*LmuSLmu*14.3

srnew<-linedataSx*LgSLg*0.25

### plot the SRM 2497 curve and the calibrated curve
plot(visc97~sr97,type="p",col="blue", Iwd=3, xlab="shear rate (1/s)", ylab =" viscosity (Pa s)",
log="x")

title("Viscosity vs. Shear rate ", sub="blue points are SRM 2497 paste, cyan line new material")
lines(viscnew~srnew, type="1",col="Cyan",log="x")

B R A A R A R R R A R R
Edit the X and Y lists to input your own data.

Paste the entire edited file into the R window.



6. This will run the code and produce the estimates of the L factors as well as a plot which shows
the fit to the SRM 2497 function.
| RGui (32 -bi

Fil Edit View Misc Packages Windows Help

R R Graphics: Device 2 (ACTIVE)

> #F¥F#FFF58%4% run the OpenBUGS

» lineout<-bugs (data=linedata,inits=lineinits, parameters—c ("Lg", "Lma", "Ltau"],
> $%###$print the values of the L factors

» print(lineout, digits=7)

Infersnce for Bugs model at "C:/Users/toman/AppData/Local/Temp/l1/Rcmp8uwkbR/modellss
Current: 1 chains, each with le+05 iterations (first 50000 discarded), n.thin = 10
Cumulative: n.sims = 50000 iterations saved

mod$

Viscosity vs. Shear rate

> the calibrated curve
> Lg<-lineout$mean["Lg"]

> Lmu<-linecut$mean["Lmu"]

> viscnew<-linedataSy*Lmu$lmu+14.3
> srnew<-linedata$zx*Lg$Lg*0.25
>
>
>
>

#%# plot the S5RM 2487 curve and the calibrated curve

title("Viscosity vs. Shear rate ",
[Lines (viscnew-srnew, type="l",col="Cyan®,log="x")

< n

7. Read the L factors as: L, (Lg in the output)
L, inPas/Nm s (1000000 Lmu in output),
L, Pa/N m (1000000 Ltau in output).

mean sd 2.5% 25% 50% 75% 97.5%
Lg 2.392777 0.3950679 1.649 2,131 2.381 2.629 3.202
Lmu 112.278740 12.2533285  92.520 103.400 111.100 118.100 141.400
Ltau 264.276704 20.3380588 225.000 251.400 264.400 276.800 305.600
deviance -108.773229 3.2653008 -113.900 -111.100 -109.300 -106.900 -101.100
DIC info (using the rule, pD = Dbar-Dhat)

pD = 2.7580000 and DIC = -106.0000000

DIC is an estimate of expected predictive error (lower deviance is better).

plot (visce7~sre7, type="p", col="blus", lwd=3, xlab="snsar rate (1/s)", ylab =" vis$
sub="blue points ars SRM 2497, cyan line new §

viscosity (Pa s)

shear rate (1/s)
blue points are SRM 2497, cyan line new material



